showed proliferation of fibroelastic tissue. The right ventricular endocardium was normal. The left ventricular wall measured up to 19 imim. in width; the right, 4 mm. Glycogen, amyloid, trichromne, mucopolysaceharide, fat, and elastic tissue stains of the myocardium were unremarkable.
Both atria were markedly dilated as were the atrial appendages, which were filled with adherent, partially organized thromibus. There was an oval, smooth-walled atrial septal defect, which measured 4.5 cm. in diameter.
All viscera showed marked passive congestion.
Case II-4 C.E., was a 22-year-old janitor who had cyanosis and easy fatigability dating from childhood. Nevertheless, he enjoyed fair health and always held a job. In July 1956, on a routine physical examination, a hemoglobin of 22 Gm. per 100 ml. was discovered. He was treated with monthly phlebotomiies and was referred to the Charleston General Hospital in September 1956.
Physical examination revealed a cyanotic but otherwise healthy appearing man. The blood pressure was 130/100 and the pulse 96. The weight was 76 Kg., the height was 185 cm. The fingers Circulation, Volume XXIV, December 1961 were long and tapered; clubbing was present. The lungs were clear. The heart was enlarged to the left. The rhythm was regular. There were a moderately loud, holosystolic murmur in the third interspace parasternally, a short basilar diastolic murmur, and an apical presystolic murmur or gallop. The liver was nontender and palpable just below the costal margin. There was no peripheral edema.
The hemoglobin was 22 Gui. per 100 ml., the hematocrit level 73 per cent, and the white cell count 7,000. The blood urea nitrogen was 17 mg. per 100 ml. There was persistent proteinuria, ranging from 1+ to 3+. Physical examination revealed an acutely ill girl who lay flat in bed with minimal discomfort. She was cyanotic and had moderate pretibial and pedal edema. The blood pressure was 125/70, the pulse 90. The cervical veins were distended at 900, and filled from below. There were fine rales and rhonchi in both lung fields. The heart was enlarged to the left. The rhythm was regular. There was a loud holosystolic, harsh murmur parasternally, which radiated to the apex. A protodiastolic gallop was present. The liver was palpable 5 em. below the costal margin and was nontender.
The patient was treated with bed rest, diuretic agents, and digitalis. During the first 72 hours she lost 5 Kg. and during her hospitalization 9 Kg. of edema. After the diuresis, the gallop rhythm disappeared though the systolic murmur persisted.
The hemoglobin ranged from 13.5 to 15.9 Gm. per 100 ml. and there was persistent 2+ proteinuria. The other data were taken into account. For example, in case 11-1, the data also suggested ventricular septal defect. This was excluded by the failure to record the characteristic murmur in the right ventricle at the time of cardiac catheterization.6 Although the findings in case III-1 were consistent with ventricular septal defect at the time of the first catheterization, the data indicated atrial septal defect at the second catheterization. Nevertheless, it appears from a further stepup in oxygen content that a ventricular septal defect is present as well. Oxygen samples low in the atrium and near the valve were not significantly different from the ventricular samples. Finally, all patients showed arterial oxygen desaturation from right-to-left shunting through the atrial septal defect. Angiocardiography
These were difficult to interpret in the anteroposterior projection (figs. 8 and 10) and reference should be made to the pathologic specimen ( fig. 5 ) for orientation. The right atrium was dilated and there was early appearance of dye in the left atrium signifying right-to-left shunt. Because of superimposition of the right ventricle on the left atrium, the full extent of the right ventricle was difficult to distinguish with certainty.
Figure 5B
Same case as figure 5A. Shows diminutive right ventricle whose size is the saqne as the atrial septal defect. The close proximity of the atrial septal defect to the inferior vena cava probably accounts for the high oxygen content in the latter vessel obtained at cardiac catheterization. ASD, atrial septal defect; RA, right atrium; TV, tricuspid valve; IVC, inferior vena cava.
Nevertheless, it appeared small in contrast to the dilated hypertrophied left ventricle. The pulmonary artery was small but not disproportionate to the right ventricle. interatrial shunt and the restriction to filling offered by the hypoplastic right ventricle. In the 2-month-old baby in the present paper and the two infants reported by Medd et al.,4 the foramen ovale was patent but competent. In the older patients, the 4-year-old child reported by Gasul et al.3 and cases II-1 and II-4, 39 and 22 years old, respectively, an atrial septal defect was present. The left ventricle was dilated and hypertrophied presumably because it bore the brunt of the circulation. In case II-1, a mild aortic stenosis and left ventricular fibroelastosis were found but were not considered to play a significant part in the clinical picture.
This disorder must be differentiated from right ventricular hypoplasia associated with other malformations. By far, the most common of these is tricuspid atresia. Pulmonary atresia with closed ventricular septum, overriding of the tricuspid valve as in some cases of complete transposition of the great vessels, and tricuspid stenosis may also be responsible. In Ebstein 's malformation, the right ventricle is of thin or normal thickness but its cavity is always diminished by a downward displacement of the tricuspid valve. Cooley et al.2 mentioned a case of right ventricular hypoplasia secondary to an absence of the right coronary artery. Finally, Uh7 reported a 7-month-old child in whom the right ventricular myocardium was replaced by fibrous tissue ("parchment heart"). In this anomaly the right ventricular endocardium and epicardium were contiguous while the left heart and coronary vessels were normal. In contrast to the diminutive chamber in isolated right ventricular hypoplasia, the right ventricular chamber was dilated and filled with a large laminated thrombus.
Etiology
The etiology of this anomaly is unknown. Medd et al. 4 pointed out that the hypoplasia of the right ventricle may be a primary developmental anomaly or be secondary to a reduction of tricuspid flow during fetal life. It is of interest that five of the eight reported cases are familial. Moreover, it is the only type of congenital heart disease in the affected fami- lies. This is in agreement with the observations of Wood,8 who stated that congenital heart disease occurring in more than one member of a family is nearly always of the same type.
Hemodynamics
The case of Gasul et al.3 and the three cases in the present report constitute the basis for this discussion; all had atrial septal defects. No data are available for those cases with patent foramen ovale who died during infancy.
The basic hemodynamic disturbance is the obstruction to inflow of blood into the right ventricle due to the small size of the chamber. Before puberty, the right ventricle end-diastolic pressure may be normal (Gasul et al.3 and case III-1). There is a left-to-right atrial shunt but, in addition, a right-to-left shunt is present because the diminutive right ventricle cannot accept both the systemic return and the blood shunted from the left atrium. At this stage, the only manifestation of the restriction to inflow is a prominent "a" wave in the atrial pulse and on the right ventricular pressure tracing. With time, the small right ventricle dilates and the end-diastolic pressure rises but this still is inadequate. The mixed atrial shunt persists and the arterial desaturation provokes secondary polyeythemia. Thus, the picture in the adult is that of a mixed atrial shunt, an elevated end-diastolic pressure in the right ventricle with a prominent "a" wave, and the absence of pulmonary hypertension, tricuspid stenosis, or pulmonary stenosis. This is a unique situation previously described only in certain cases of Ebstein 's malformation. 9 The recording of intracardiac pressure and intracardiac electrical potential simultaneously serves to differentiate this anomaly from isolated right ventricular hypoplasia. In Ebstein's malformation, right ventricular electrical potential is recorded with right atrial pressure pulse.10 This denotes that the right ventricle forms part of the right atrial cavity.
Though the end-diastolic right ventricular pressure is approximately one third the systolic, a situation akin to chronic constrictive pericarditis, the pressure pulse contour is not the same. The striking feature in constrictive Circulation, Volume XXIV. December 1961 RIG HT VENTRICULAR HYPOPLASIA Figure 9 Chest roentgenograms of case III-1. At the age of 10 years, the heart is top normal in size and the pulmonary vascular markings are slightly increased. Three years later onl March 7, 1960 , the heart has undergone considerable enlargement and the pulmonary vascular markings are less prominent.
pericarditis is an early diastolic dip followed by a rapid rise of the diastolic pressure to form a plateau.'1 In contrast to the prominent "a" waves in the right atrial and ventricular pulse pressures in isolated right ventricular hypoplasia, giant "a" waves have not been noted.12 Furthermore, arterial oxygen desaturation has not been observed in cases of atrial septal defect complicated by constrictive pericarditis. '3 In case II-1, aortic stenosis had reduced the valve area to 1.9 cm.2. Unfortunately, left heart catheterization was not carried out but on the basis of a theoretical formula relating pressure, flow and valve area,14 it appears that the lesion was not hemodynamically sig- velop after puberty, as in Family E, the patients are tall and slender, with normal or slightly decreased weight. The physiognomy is not consistent with that of the Marfan syndrome.
Cyanosis. This appeared at birth or in childhood and was a feature common to all the cases. Secondary polyeythemia was present in the adults. Clubbing of the fingers was noted in two of the eight cases (Gasul et al.3 and case 1I-4).
Dyspnea. In general, this was not a major complaint and was brought out usually with exercise. Nevertheless, the adults with the disorder were able to carry out moderately strenuous activity without discomfort (case II-1 was a coal miner).
Signs of Venous Congestion. All the adults showed elevated cervical venous pressure with prominent "a" waves, hepatomegaly, proteinuria, and peripheral edema at some stage of their disease. The elevated cervical venous pressure persisted even after diuresis to a dry weight. However, in Gasul IS3 4-year-old child, after clearing of the presenting signs of ascites, edema, and increased cervical venous pressure, the right atrial pressure became normal. Finally, the two infants who died during the first week of life, both had pulsating livers. 4 Signs of Pulmonary Congestion. Orthopnea was not recorded in any of the cases. Moreover, fine basilar rales were heard infrequently even in patients with marked rightsided failure.
Cardiac Impulse. 
, , , , , , _ _ . S > W s A w i was made to localize the source of the auscultatory findings by recording the intracardiac sounds. The presystolic gallop, which was transmitted widely over the precordium, originated wholly or in part from the right side of the heart (the left atrium and ventricle were not examined). The soft, blowing, ejection murmur at the aortic region originated in the pulmonary artery and was probably due to increased flow from the left-to-right interatrial shunt. Finally, the systolic click was not heard in the right side of the heart nor ascending aorta, and its site of origin is unknown.
Electrocardiography
The electrocardiographic features of isolated right ventricular hypoplasia are quite similar to those found in tricuspid atresia. In six cases of right ventricular hypoplasia (Gasul et 
